Abstract-To assess blood pressure (BP) control in a French working population through the use of a careful assessment of BP based on 2 different visits in 1 month, 17 359 men and 12 267 women were evaluated from January 1997 to April 1998. The initial phase was a cross-sectional analysis of a cohort study designed to assess the incidence of arterial hypertension in a French working population. Information was collected by the work-site physician during the annual examination. BP was measured with a validated automatic device. Among subjects with BP Ն140/90 mm Hg, patients not treated with antihypertensive drugs were invited to have an additional BP measurement taken 1 month later. The prevalence of hypertension (BP Ն140/90 mm Hg) based on 2 visits was 16.2% in men and 9.4% in women. When the diagnosis of hypertension was based on 2 visits, its prevalence was 41% lower in men and 36% lower in women compared with that of a diagnosis based on a single visit. Accordingly, the awareness of hypertension was 49% higher in men and 40% higher in women. Overall, 12.5% of hypertensive men and 33.2% of hypertensive women taking antihypertensive medication had their BP levels lowered to Ͻ140/90 mm Hg by treatment. Although the percentage of hypertensive men and women under current treatment who were aware of their hypertension increased with age, BP control among treated subjects decreased with age. Ineffective BP control with treatment accounted for 33% of BP levels Ն180/110 mm Hg in men and 40% of those observed in women. In this large French working population, estimates of hypertension therapeutic control depend heavily on the number of BP measurements. Despite these methodological precautions, insufficient awareness of BP and insufficient BP control through treatment remain 2 major public health problems. Key Words: hypertension, arterial Ⅲ blood pressure monitoring Ⅲ hypertension, detection and control A wareness, treatment, and control of high blood pressure (BP) have been major public health concerns over the past 20 years. In randomized trials, treatment of arterial hypertension has been shown to be quite efficacious in reducing cardiovascular mortality and morbidity. 1 In contrast, hypertension control at the population level remains disappointing. In the United Kingdom, only 6% of hypertensive subjects had their BP levels lowered to Ͻ140/90 mm Hg. 2 Among treated hypertensive subjects, BP control was achieved in 27% of the subjects in the United States 3,4 and 24% of the subjects in France. 5 Measurement of BP has also been identified as a key factor not only for deciding to treat hypertensive patients but also for assessing both efficacy and effectiveness of BP control. More than 30 years ago, Armitage and Rose 6 underlined that "multiple readings on the same occasion are easier to obtain, but they yield a smaller improvement in precision than readings obtained on different occasions." Accordingly, most international guidelines now emphasize that BP should be measured on several different occasions before the diagnosis of hypertension is established or treatment is initiated. However, despite the universal consensus on this subject, estimates of prevalence, awareness, and control of hypertension have largely been based not on several measurements but on a single occasion. National Health and Nutrition Examination Survey (NHANES) III is an exception because 80% of the subjects had their BP measured on 2 separate occasions. 4 Logistical difficulties in measuring BP on 2 separate occasions on large samples of the population have explained this limitation. Indeed, previous studies have assessed hypertension control on the basis of 1 visit. [2] [3] [4] [5] [7] [8] [9] [10] [11] [12] [13] [14] Thus, the goal of this study was to assess BP control in a French population of workers and to analyze to what extent the results of BP control at the population level are improved if the diagnosis of hypertension is defined on the basis of 2 visits.
A wareness, treatment, and control of high blood pressure (BP) have been major public health concerns over the past 20 years. In randomized trials, treatment of arterial hypertension has been shown to be quite efficacious in reducing cardiovascular mortality and morbidity. 1 In contrast, hypertension control at the population level remains disappointing. In the United Kingdom, only 6% of hypertensive subjects had their BP levels lowered to Ͻ140/90 mm Hg. 2 Among treated hypertensive subjects, BP control was achieved in 27% of the subjects in the United States 3, 4 and 24% of the subjects in France. 5 Measurement of BP has also been identified as a key factor not only for deciding to treat hypertensive patients but also for assessing both efficacy and effectiveness of BP control. More than 30 years ago, Armitage and Rose 6 underlined that "multiple readings on the same occasion are easier to obtain, but they yield a smaller improvement in precision than readings obtained on different occasions." Accordingly, most international guidelines now emphasize that BP should be measured on several different occasions before the diagnosis of hypertension is established or treatment is initiated. However, despite the universal consensus on this subject, estimates of prevalence, awareness, and control of hypertension have largely been based not on several measurements but on a single occasion. National Health and Nutrition Examination Survey (NHANES) III is an exception because 80% of the subjects had their BP measured on 2 separate occasions. 4 Logistical difficulties in measuring BP on 2 separate occasions on large samples of the population have explained this limitation. Indeed, previous studies have assessed hypertension control on the basis of 1 visit. [2] [3] [4] [5] [7] [8] [9] [10] [11] [12] [13] [14] Thus, the goal of this study was to assess BP control in a French population of workers and to analyze to what extent the results of BP control at the population level are improved if the diagnosis of hypertension is defined on the basis of 2 visits.
Methods

Population
This study is based on data from the initial cross-sectional phase of a cohort study designed to assess the incidence of arterial hypertension in the French working population. Fifty-three work-site physicians were recruited on a voluntary basis. Their geographic locations were representative of metropolitan France. Physicians from all workplaces (eg, industry, services, transports) were included, with the exception of the agricultural sector. Because an annual medical examination is mandatory at all French work sites, the design of the cohort study was based on this annual visit to ensure a high follow-up rate. The volunteer physicians agreed to enroll a population of Ն800 wage earners. According to the initial agreement with the work-site physicians, each enrolled either the entire population or a random sample of the working population that he or she was responsible for. Each subject gave informed consent to participate in the protocol.
Data Collection
Information was collected by the work-site physician during the annual examination. BP was measured with a validated automatic device (OMRON 705CP). 15 A training session was organized for all work-site physicians to standardize BP measurements. Systolic and diastolic BPs were measured at 5, 6, and 7 minutes with a cuff properly adapted to the arm size, with subjects in the sitting position. The mean of these 3 measurements was used to estimate BP during all visits. Hypertension was defined by current antihypertensive treatment and/or BP Ն140/90 or Ն160/95 mm Hg. For patients not currently treated for hypertension, a diagnosis of hypertension was established in 2 ways: from the results of the first visit only or from the results of a second follow-up visit. This second follow-up visit concerned all untreated persons with a BP Ն140/90 mm Hg on the first visit. This additional BP measurement session, planned 1 month later, could be performed in 78.5% of the invited population. By use of the second criterion, subjects were defined as hypertensive if their BP was Ն140/90 or Ն160/95 mm Hg on each of 2 visits or if they were under current antihypertensive treatment at the first visit.
Height and weight were measured, and body mass index (BMI) was calculated as weight divided by height squared (kg/m 2 ). Obesity was defined by a BMI Ն30 kg/m 2 . 16 Heart rate was noted at 5, 6, and 7 minutes, and the mean of the 3 measurements was used. Tobacco and alcohol consumption, participation in sports activities, educational level, marital status, and health services use were obtained through subject interviews. Alcohol consumption (wine, beer, and liquor) was quantified in glasses per day, and Ն4 U/d was the limit used to define heavy drinkers. The quality, homogeneity, and completeness of the data were monitored by a coordinating center in Grenoble (L.H., R.d.G.).
Statistical Analysis
Qualitative variables were compared by use of the 2 test, and quantitative variables were compared through the use of variance analysis. Adjustment of age for qualitative variables was performed with the Mantel-Haenszel 2 test. All statistical analysis were performed with the SAS statistical package. 17 
Results
Population
Between January 1997 and April 1998, 17 359 men and 12 267 women were enrolled ( Table 1 ). The mean ages of men and women were nearly identical (38.8Ϯ9.5 versus 38.9Ϯ9.6 years). Most subjects (96% of men and 95% of women) were employed on a long-term contract. Among men, 14% were upper executives, 27% middle executives, 11% employees, 37% skilled workers, and 11% unskilled workers; among women, these percentages were 8%, 22%, 43%, 13%, and 14%, respectively. The prevalence of obesity (BMI Ն30 kg/m 2 ) was 8.9% among women and 8.5% among men. Of the 3712 men and 1061 women untreated for hypertension with BP Ն140/90 mm Hg on the initial visit, 2914 men (78.5%) and 866 women (81.6%) were examined on a second occasion 1 month later. The mean time interval between visits 1 and 2 was 54Ϯ40 days. Fewer than 10% of the invited subjects were reevaluated at a time interval Ͻ21 days or Ͼ105 days. Subjects who did not attend the second visit were younger than those who did (men, 40.7Ϯ9. Values are meanϮSD when appropriate.
Comparison of Hypertension Prevalence Rates Based on 1 Visit With Those Based on 2 Visits
When the hypertension diagnosis was based on 2 separate visits, its prevalence was lowered by 41% in men and 36% in women. Among persons diagnosed as hypertensive, the percentages of men and women aware of having hypertension increased by 49% and 40%, respectively. Similarly, the proportions of hypertensive men and women under current treatment were increased by 14% and 11%. BP control among all hypertensive subjects increased by 69% and 55% among men and women ( Table 2) . The prevalence estimates varied by patient age. The younger the patients were, the wider the difference was between estimates based on 1 and 2 visits ( Table 2) . As a result, only 40% of men Ͻ30 years of age who had been labeled hypertensive after 1 visit were still labeled that way after the second visit. This percentage was higher in women (56%). These percentages were 72% in men and 74% in women Ͼ50 years of age. The differences between the 2 estimates were smaller when the 160/95 mm Hg cut point was used (data not shown).
Prevalence, Awareness, Treatment, and BP Control Based on Estimates From 2 Visits
The prevalence of hypertension (Ն140/90 mm Hg) was 16.2% in men and 9.4% in women on the basis of estimates from 2 visits. The prevalence was 10.3% and 7.4%, respectively, for a threshold of Ն160/95 mm Hg (Figure) . In both genders, prevalence increased with age. It was 36.8% in men Ͼ50 years of age ( Table 3) . As a whole, only 12.5% of treated hypertensive men and 33.2% of treated hypertensive women had their BP levels lowered by the treatment to Ͻ140/90 mm Hg. A low awareness, particularly in men, and a low percentage of treated hypertensive subjects with BP controlled by treatment in both genders were the 2 main factors accounting for this poor result (Table 3 ). The prevalence of hypertension, the proportion of hypertensive subjects aware of their hypertension, and among subjects aware of their hypertension, the proportion of subjects under current treatment increased with age in both genders. In contrast, the proportion of treated subjects whose hypertension was controlled decreased with age. As a result, BP control among all hypertensive subjects decreased with age (Table 3) . Among subjects who reported having hypertension, 33.6% of men and 46.5% of women had recorded BP levels Ͻ140/ 90 mm Hg (Table 4) . With 160/95 mm Hg used as a cut point, prevalence estimates decreased, and current treatment increased. Only 61% of men and 77% of women had BP levels controlled by antihypertensive treatment.
One hundred sixteen men and 74 women reported having hyperglycemia. Among these subjects, BP control did not differ significantly (Pϭ0.21 and Pϭ0.54, respectively) from the other subjects when the 140/90 mm Hg threshold was used. If, as suggested by the World Health OrganizationInternational Society of Hypertension (WHO-ISH) guidelines, 18 the 130/85 mm Hg threshold was used to define BP control, only 11.2% of these men and 25.7% of these women had BP controlled by antihypertensive treatment.
Severity of Hypertension
BP was Ն160/100 mm Hg (grades 2 and 3) in 25% of unaware men and 22% of unaware women. This proportion was higher among aware untreated hypertensive men (40%) and women (33.0%) and among treated men and women uncontrolled by the treatment (42% and 32%, respectively; Table 5 ).
When estimates based on the first visit were used, among 4387 hypertensive men, 99 had severe undetected hypertension (BP Ն180/110 mm Hg). In 84 subjects, hypertension was detected but untreated; in 88, hypertension was treated albeit uncontrolled. As a result, severe hypertension (BP Ն180/110 mm Hg, 1-visit estimate) was observed among 271 (6.2%) of the 4387 hypertensive men. Among 1413 hypertensive women, undetected, detected but not treated, and treated but uncontrolled severe hypertension was observed in 26, 19, and 30 women, respectively. As a result, severe hypertension (BP Ն180/110 mm Hg, 1-visit estimate) was observed among 75 (5.3%) of the 1413 hypertensive women. Finally, uncontrolled hypertension accounted for 32% of men (88 of 271) and 40% of women (30 of 75) having a BP level Ն180/110 mm Hg (1-visit estimate).
Discussion
In this population of French working women and men 15 to 69 years of age, the prevalence of hypertension was 9% and 16%, respectively. It is worth noting that in the older age groups, the prevalence of hypertension was higher: one third of men age Ͼ50 years had a BP level Ն140/95 mm Hg. As far as hypertension control at the population level is concerned, 1 man out of 2 is not aware of his condition. Three quarters of these patients are under treatment, although only one third have hypertension that is controlled by the treatment. These figures are better among women: three quarters were aware, almost 9 out of 10 were under treatment, and 1 out of 2 were controlled by the treatment. In both genders, awareness and control under treatment are thus the main problems to be addressed. In terms of severe hypertension, the lack of adequate BP control among treated hypertensive patients is also the main cause of BP levels Ն180/110 mm Hg among all hypertensive subjects. The results obtained in this population cannot be extended to the French population without discussion. These subjects belong to a working population. Their health status is likely to be better than in the general population because of the "healthy worker effect." It is also likely that they use the healthcare system better because of the mandatory annual medical examination, which gives them a regular opportunity to meet with health personnel.
Some biases must be acknowledged. In our study, antihypertensive treatment means drug treatment. The percentage of hypertensive subjects under treatment is therefore underestimated because a non-negligible proportion of hypertensive subjects, particularly in the mild hypertension group, may be under nonpharmacological treatment, including reduction in weight or alcohol or salt intake. Nonpharmacological treatment was not considered in this first phase of the study. Data from the longitudinal part will be available on this topic. This lack of information may be responsible for an underestimation of the prevalence of treated hypertension and of the proportion of therapeutically controlled BP levels, because those subjects are registered as normotensive in our study.
The definition of hypertension was a second problem. As in other studies, a person being treated with an antihypertensive drug is considered hypertensive. This leads to an overestimation of the prevalence because overtreatment of hypertension resulting from measurement error has been reported to be common. 19, 20 For example, in this study, particularly among young persons, overdiagnosis of hypertension is suggested by the fact that one third of men reporting high BP levels had in fact normal BP levels. This percentage is higher among young persons, reaching two thirds in men Ͻ30 years of age.
Despite recommendations from expert committees indicating the need for measuring BP levels on several occasions before the diagnosis of arterial hypertension is accepted, the consequences of establishing the diagnosis on a single visit have, to the best of our knowledge, not been investigated in epidemiological studies. Dramatic changes were observed when hypertension was assessed on the basis of BP measurements obtained on 2 different occasions. Taking BP during 1 visit has been shown to detect poor BP control as accurately as 24-hour ambulatory BP measurement. 21 However, estimates of hypertension prevalence can be expected to be lower than those made on the basis of 1 visit. Consequently, as a result of the decrease in the denominator, which is the number of labeled hypertensive subjects, the proportion of all hypertensive subjects who are aware and treated and have controlled BP levels can be expected to be higher than previously estimated. Compared with results based on 1 visit, the estimation of prevalence was much lower (about Ϫ40%), the proportion of aware hypertensive subjects was much higher (Ϸ45%), and the proportion of treated subjects with BP controlled by the treatment among all hypertensive subjects was much higher (Ϸ60%).
These differences were even greater among young persons. Despite the differences in estimates, improving the awareness and the control of high BP with treatment are the priorities in improving the control of hypertension in the population.
Our results are concordant with those obtained in the mid-1990s in France in the Monitoring Trends and Determinants in Cardiovascular Disease (MONICA) population studies. 13 It is encouraging to observe that results on awareness were about the same in the late 1990s, with a diagnostic threshold of 140/90 mm Hg, as in the 1980s, with a 160/ 95 mm Hg diagnostic threshold. [12] [13] [14] In contrast with previous French studies, the percentage of hypertensive persons under current treatment was high.
Compared with the US NHANES III study, which is based on 2 visits, the proportion of awareness observed in our study was lower in the same age range groups. 4 Similarly, the results observed in France differ in the lower proportion of hypertensive subjects under current treatment who have BP levels controlled by treatment. In contrast, the percentage of treated subjects among aware hypertensives is much higher in France. Differences in health insurance systems between the 2 countries might explain these differences. As a result of the larger proportion of the hypertensive subjects under treatment in France, a higher proportion of subjects with low compliance may be treated, leading to poorer results. Among men and women aware of being hypertensive, 15% and 9%, respectively, had BP levels Ͼ180/110 mm Hg and were untreated. It is likely that they did not follow up with a doctor as recommended by the work-site physician, who, in France, is not authorized to prescribe medications. It would be quite insufficient, however, to think of poor results in awareness and BP control as a result of patient behavior. Some subjects might have forgotten BP measurements or screening. However, one might hypothesize that the diagnosis of hypertension might not have been given to hypertensive patients with moderately elevated BP levels. This hypothesis is in keeping with the lack of decision in patients with inadequate BP control reported in a community health plan. Surprisingly, hypertensive patients with elevated BP levels were more carefully and more frequently monitored. However their treatment was not changed. 22 In the United Kingdom, a high rate of high BP without any subsequent action being taken has been reported. 2 A reluctance to accept 140/90 mm Hg as the threshold for establishing the diagnosis of hypertension might be involved. Accordingly, the threshold for drug intervention increased from 164/96 to 178/103 mm Hg as the age range increased from Ͻ45 to Ͼ64 years. 2 As far as BP control through treatment is concerned, our results show considerable room for improvement. As a result of the strategy, 13% of the hypertensive men in our population had BP levels controlled by the treatment compared with 14% in the group of 18 to 49 year olds in NHANES III. Among women, 33.3% in our population could be compared with 38% in the US population. 4 This percentage of subjects controlled by treatment is also very close to that observed in 2 populations representative of the French general practitioners in 1995 and 1999, 24% and 32%, respectively. 5, 23 In conclusion, it should be kept in mind that estimates of hypertension prevalence and therapeutic control based on 1 visit are overestimated or underestimated, respectively, compared with estimates based on 2 visits. Despite these differences, insufficient awareness of high BP and insufficient BP control through treatment are the 2 main problems to be addressed to improve BP control at the population level. On the other hand, the high proportion of hypertensive subjects Ͼ50 years of age in this healthy population calls for primary prevention of arterial hypertension through weight, alcohol, and salt reduction at a population level as a public health goal.
